This analysis shows that how the performance of a thermal power plant can be improved by utilization of waste exhaust flue gas energy. In a power plant, most of the heat loss is from the high-temperature flue gas leaving the boiler.
INTRODUCTION
India is one of the countries which are heavily dependent on coal-based energy supply. Coal is easily available and widely distributed in Indian geography but its utilization is related to problems leading to pollution in the atmosphere. According to statistics, the total installed capacity of thermal power plants in India was 213228.9 MW, out of which coal-fired power plants was 187252.88 MW [1] . Therefore, it is highly recommended to decrease the coal consumption.
Heat losses from a power plant are largely due to high-temperature flue gasses leaving into the atmosphere from the boiler. These losses can be reduced by utilizing waste exhaust flue gas energy, resulting in an increase of overall power output and a decrease in coal consumption (which is related to environmental issues).
Utilization of flue gas energy depends on the temperature of flue gas dew point [2] . It is known that higher the temperature of flue gas, higher will be the heat losses. Unsuitable heating surface arrangement and variation between The fired coal and the designed coal are some of the factors that may increase the flue gas temperature.
The flue gas heat recovery system is used for utilization of waste exhaust flue gas energy. In this system, the flue gas can be used for the purpose of regenerative heating in the heater which will then reduce the extracted steams from the turbine, resulting in increased turbine output and a net efficiency of the plant. Also, this waste flue gas energy can be used to increase the temperature of inlet air to the boiler for better combustion.
Earlier, different approaches to recovering the waste heat of flue gas have been proposed and developed.
One of the approaches is to install a low pressure economizer for waste heat recovery from the exhaust flue gas Another approach is to extract a portion of the water vapor and its latent heat from flue gasses based on a nanoporous ceramic membrane capillary condensation separation mechanism [5] . Another approach is optimization of four typical flue gas heat recovery schemes considering thermodynamic, heat transfer and hydrodynamics factors [6] .
In this paper, flue gas heat recovery systems with air preheater placed between the boiler & heater1 and air preheater placed after the heater 1 are proposed. The thermodynamic analysis of both the proposed schemes is investigated and compared.
THERMODYNAMIC ANALYSIS Reference Power Plant
A reference power plant with a rated power of 500 MW is selected and the power output is calculated by determining the value of extracted steams and compared with the proposed schemes. The reference power plant data is listed in table I [12] . According to this data [12] , calculations are done and are shown in reference power cycle in figure. 1 and table II. The reference power plant consists of HP, IP & LP turbines, three closed type feedwater heaters and a deaerator.
The steams are extracted from different stages of turbines (HP, IP and LP) and are used for regenerative heating purposes.
Also, this power plant works on reheat cycle, which means the steam leaving the HP turbine passes through a reheater where it is reheated to the superheated temperature at constant pressure. This reheated steam then enters the IP turbine and expands isentropically. Therefore the reference power plant is based on a reheat-regenerative cycle.
Mathematical Model
The thermodynamic analysis of the reference power plant is carried out by formulating the mass & energy balance Turbine work is calculated as:
where h a , h b , h c are the enthalpies of steam entering or leaving the turbine and m a is the mass flow rate extracted from the turbine.
Pump work is calculated as:
where ν bf is specific volume at P b , P a is boiler pressure and P b is condenser pressure.
Heat supplied from boiler is:
where m total is the total mass flow rate, h a is the enthalpy of steam entering the boiler and h b is the enthalpy of feedwater after pump.
Efficiency of power plant is given by: In this method, flue gas from boiler enters the air preheater to preheat the air coming from the surrounding atmosphere.
This flue gas then enters the high-pressure feedwater (HP-FW) heater, releasing heat to the higher temperature feedwater. The flue gas is cooled down from 318 °C to 260.05 °C. This additional flue gas energy apart from the heat supplied by the extracted steam is used for regenerative heating of feedwater in high-pressure heater. This reduces the amount of extracted steam from the turbine, thus increasing both power output and the net efficiency of the plant. The extracted steam from the turbine finally returns to the regenerative heating cycle. Assuming a fan draws 10 m 3 /s of air through air preheater, the mass flow rate of air entering the preheater is calculated [7] . The effectiveness of heat exchanger is given by:
The actual amount of heat exchanged is given by:
The maximum amount of heat exchanged is given by:
The calculated values of changed mass flow rate, turbine work, pump work, heat supplied from boiler and efficiency are shown in table IV. Also, the temperature of the flue gas entering heater 1, the temperature of the combustion air and the final temperature of flue gas are shown in table III. 
Waste Heat Recovery (Method 2)
In this method, the flue gas from boiler directly enters the high pressure feedwater (HP-FW) heater unlike in the case of method 1 in which the flue gas first passes through air preheater and then used for regeneration. This flue gas then enters the air preheater where it heats the air coming from the surrounding atmosphere. The flue gas is cooled down from 318 °C to 256.65 °C.
Assuming a fan draws 10 m 3 /s of air through air preheater, the mass flow rate of air entering the air heat exchanger is calculated [7] .
Figure 3: Proposed method 2
The mathematical modeling of the method 2 is similar to that of method 1.
The calculated values of changed mass flow rate, turbine work, pump work, heat supplied from boiler and efficiency are shown in table VI. Also, the temperature of the flue gas entering air heat exchanger, the temperature of the combustion air and the final temperature of flue gas are shown in table V. kg/s. Therefore, the results show that proposed method 2 provides higher power output and efficiency. • the recovery of flue gas waste heat reduces flue gas temperature and lead to an increase in power plant efficiency & also reduces the harmful effects of global warming,
RESULTS AND DISCUSSIONS
• the flue gas waste energy is recovered by nearly 58°C in all the proposed methods, and
• the increase in efficiency is 1.80% and 1.952% for proposed methods 1 and 2 respectively. 
